Francisella noatunensis in Atlantic cod (Gadus morhua L.); waterborne transmission and immune responses.
This is the first report that confirms waterborne transmission of francisellosis in Atlantic cod. To investigate the transmission of disease, particle reduced water was transferred from a tank with intraperitoneally infected cod to a tank with healthy cod. Waterborne transmission of Francisella noatunensis was confirmed in the effluent group using immunohistochemistry and real-time quantitative PCR (RT-qPCR). The bacteria were located inside the accumulated macrophage-like cells. Specific and high antibody responses against live and inactivated bacteria were observed. Oil adjuvant had no effect on the antibody responses against inactivated F. noatunensis compared to saline formulation. The antigen epitope was a 20-25 kDa component of F. noatunensis suggested to be lipopolysaccharide detected by Western blot, Sypro Ruby and Silver staining. Systemic immune reactions were investigated by measuring the expression of IFN-γ, IL-1β and IL-10 genes with RT-qPCR. After i.p. injection of live bacteria, a significant up-regulation of IFN-γ and IL-1β expression was observed from 15 to 60 days post infection in spleen and head kidney. In intestine, IFN-γ was significantly up-regulated after 30 days whereas rectum showed no significant differences in expression. Elevated expression of IL-10 was observed in all the organs tested but was only significantly up-regulated at 60 days post infection in intestine from i.p. infected fish. For the cohabitant group, IL-1β and IFN-γ was up-regulated in spleen whereas intestine and rectum showed a down-regulation after 60 days. IL-10 was up-regulated in intestine of cohabitant fish from day 30 to day 60. These results indicate that F. noatunensis infection provokes both specific antibody responses and long term inflammatory responses in cod. The present study provides new knowledge about infection routes and shows that both humoral and cellular defence mechanisms are triggered by F. noatunensis in cod.